Non-traumatic shoulder instability is frequently associated with chronic disabling pain, altered patterns of motion, dysfunctional muscle strategies and hyperlaxity. Identifying the relationship between potential aetiologies can be challenging. An expanded assessment may be useful to estimate the contribution of each component and offer a framework for targeted rehabilitation.
Introduction
Non-traumatic (or atraumatic) shoulder instability (NTSI) is a subclassification of glenohumeral joint (GHJ) instability, encompassing those for whom trauma is not considered the primary aetiology. Beyond this distinction, patients with NTSI have been variously classified according to the presence of dynamic or muscle patterning instability, atraumatic structural or multidirectional instability (MDI), generalized joint hyperlaxity or congenital hyperlaxity, voluntary and involuntary instability and repetitive overuse. [1] [2] [3] [4] The diagnostic criteria for each subgroup can prove unreliable, lack validity and vastly alter the incidence of a specific diagnosis within a population according to which criteria are used. 5 Perhaps the difficulty in classifying NTSI is because it is a clinical manifestation with a spectrum of underlying causes.
Abnormal muscle patterning is considered a highly relevant and perhaps causative phenomenon in NTSI. [6] [7] [8] Once a significant underlying lesion has been excluded (e.g. labral, capsular, bony or neurological), the management indications are conservative rather than surgical, yet the evidence for specific exercises remains unclear. 9 Abnormal patterns of motion may develop for a number of reasons. They may have developed as a result of weakness, avoidance of pain provocation, altered sensory input causing mismatch of anticipated motion/position and reality, or fear-avoidant strategies. Sometimes, it is even deliberate as seen in the ''party trick''.
The clinician's challenge is to identify the driver behind the dysfunction and focus rehabilitation towards the most relevant aspect for the individual.
Here, a framework of clinical reasoning and assessment strategies to aid the clinician is presented, at the same time as acknowledging that we have yet to understand whether these subgroups can be validly tested and reliably identified.
Clinical reasoning framework
Patients with NTSI represented in Figure 1 may experience overt dislocation and subluxation, at rest or during motion, or less pronounced symptoms (e.g. a slipping or wobbly shoulder). The remit of the present review does not represent the athletic repetitive overhead/overuse population, although some of the considerations above will be relevant. There can clearly be overlap in some aetiologies. A painful shoulder can simultaneously become weak, begin 'popping out', be associated with fear of motion and develop an ingrained abnormal pattern of movement. The first step for the therapist is to assess motion and establish the potential for movement correction as the primary strategy. In those patients where movement cannot comfortably be modified, the clinician should explore other aetiologies, using the assessment indicated in Figure 3 .
Learned and ingrained abnormal motion in muscle patterning instability
Evidence of altered muscle control in patients with NTSI and generalized joint hyperlaxity has been observed experimentally supporting the clinical notion of altered muscle sequencing and excitation levels. Reduced activity and time domain or reflex activity have been seen in lower trapezius, 10 infraspinatus, 11 deltoid 12 and supraspinatus. 13 Excessive activity is observed in latissimus dorsi (LD) and pectoralis major (PM). 11 Because electromyography and transcranial magnetic stimulation are not readily available as clinical assessment tools, the ability to assess motion and recognize compensations is crucial.
Motion assessment
It is important to observe the patient's willingness to move, their movement strategy and functional compromise. Specifically, the clinician should observe the provocative movements and differentiate their suitability for movement retraining alone by correcting the movement strategy and assessing the effect on symptoms. The instability/subluxation may be present at rest or occur during movements of the arm. This is often termed positional instability.
The pelvis, trunk and neck should remain in neutral and the scapula should upwardly rotate during GHJ elevation motion. Aberrant motion of the scapula includes downward rotation, winging and forward tilt. Aberrant trunk and neck motion includes side flexion, lumbar extension and thoracic flexion. Aberrant arm motion includes excessive internal rotation when elevating the arm and hyperextension of the elbow.
Assessment .
1. Observe how the patient performs the actions of flexion, abduction and external rotation, including functional provocative motion. 2. Repeat the tests with correction of the aberrant action (e.g. help the scapula actively or passively into upward tilt, prevent trunk side flexion or thoracic flexion and maintain external GHJ rotation through elevation). 3. If this is associated with an improvement in symptoms, it strongly suggests a learned abnormal motion. The focus will then be on retraining the faulty components of motion ( Figure 2 ). 4. However, if symptoms worsen or are unchanged or it is not possible to facilitate the desired pattern of motion, other differentials would need to be considered and assessed (see below).
Correcting motion
. For all tests, in standing, ensure the trunk is in neutral, the head is in neutral and arms are not clamped to the side of the body. . Many patients feel vulnerable in certain positions and describe not knowing where their arm is in space. For those with generalized poor joint position sense, a tubigrip/compression worn on the arm or trunk support may improve the response to all tests. . An active shrug motion ( Figure 4 ) can be used to facilitate upward scapula rotation. 14 . If neural tissue sensitivity is suspected, be cautious about provoking pain.
External rotation
If they cannot perform the islolated motion with facilitation and correction in standing, the patient should be assessed in supine with the weight of the arm supported. The instruction is to perform external and internal rotation without allowing the scapula to move. Apprehension associated with this movement in supine probably represents weakness in the rotator cuff (RC). This may be seen as inability to keep the scapula stable. The scapula motion reduces unstable GHJ motion.
Excessive PM activity may need facilitation of relaxation before motion.
Flexion, abduction and scaption
These movements will often differentiate those with positional instability (PI) as a result of altered muscle patterning from those with weakness and generalized joint hyperlaxity. The former group will usually 'pop' either in or out of joint during flexion but less commonly in abduction. The latter group will either be more symptomatic in abduction or equally symptomatic in both directions as a result of multidirectional instability. By contrast, the PI can usually be corrected once aberrant motion is eliminated. Repeat the flexion motion maintaining the trunk, neck and GHJ in neutral, limiting hyperextension at the elbow and ensure the scapula does not depress or tilt forwards.
If the instability symptoms are not revealed during active flexion, abduction or external rotation, further exploration of apprehension and muscle strength should be undertaken for posterior instability (horizontal flexion and internal rotation), inferior instability (axial loading) and anterior instability (abduction, external rotation). The assessment should focus on the inability of the muscles to control the motion as it approaches its position of apprehension and the effect of compression, taping or feedback on joint position sense and symptoms.
Further differentiation

Generalized muscle weakness
In its most simple form, NTSI can occur in a previously asymptomatic shoulder if shoulder muscles decondition and cross the threshold from maintaining humeral head stability within the glenoid to not. The history may include a mild or moderate 'trauma' as the precipitating factor where reflex muscle inhibition is the assumed aetiology, or where they have gradually become less active (typically from sport at university and school to less in their working lives). There is often a background of joint hyperlaxity, which may or may not be part of a syndrome. Usually, the arm positions and functions associated with anterior (abduction, external rotation), posterior (horizontal flexion, internal rotation) or inferior instability (axial load) will be reported as provocative. These should be confirmed or excluded with apprehension and relocation tests. The patient may have experienced slipping and apprehension in the shoulder before, and may report hypermobility issues in other joints. It is important therefore to always enquire about family history including siblings. If a hypermobility syndrome is suspected, particularly a painful one, exercise caution with provocative actions and strength testing, and consider pacing the assessment to include rest.
Muscle strength assessment can be misleading because the patient can generate force using compensatory strategies, usually due to scapula faults. The electromyographic (EMG) literature tells us that deltoid and the RC co-activate for all movements during maximal force generation, 15 therefore the tests should be considered as the ability to generate forces in a desired direction, rather than specific muscle tests. In patients with MDI, muscle activity has a longer time domain but with lower intensity 16 and fewer activity strategies compared to controls, 17 although this reverses as function improves. Loss of scapula upward tilt and lateral scapula rotation has been observed in NTSI versus asymptomatic controls. 18 The absolute resistance generated on a strength test is less relevant than the way in which it is achieved. Therefore, when performing resistance tests, there is the need to always identify:
. Which muscles are being used to generate the resistance to the applied force? . What does the scapula do? Can it maintain a stable base in upward rotation?
To achieve upward scapula rotation effectively as a basis for shoulder motion, the strength in the upper trapezius as part of the upper trapezius/lower trapezius/serratus anterior force couple often needs developing. This is better achieved with a modified shrug at 30 abduction than with the arm by the side. 19 The force generated in the directions of external rotation (ER) and flexion should be examined. If correction of scapula position improves force generation at the GHJ (i.e. RC strength), rehabilitation focuses on scapula control of the desired scapula position when practicing the GHJ motion.
If correction of the scapula reduces force generation at the GHJ (i.e. reveals RC weakness), rehabilitation focuses on RC strengthening in positions that facilitate scapula control; e.g. supine lying ( Figure 5 )
If the patient is unable to control or tolerate the scapula position and achieve isolated GHJ external rotation or flexion, then further assessment is needed. Other differentials would include neural tissue pain, central sensitization, or a dominant muscle activation pattern proving difficult to inhibit.
Neurodynamic tissue mechanosensitivity
Mechanosensitivity in neural tissue as a pain source is a well-recognized entity. 20 In the presence of sensitive neural tissue (which may be secondary to previous trauma; e.g. Colles fracture, whiplash, even dislocation), the body will endeavour to protect the threatened tissue and adopt protective postures and motion. In the upper limb, it may involve bending the elbow, protracting the shoulder and elevating the shoulder girdle. 21 An anteriorly translating humeral head could be part of this pattern. For this reason, the upper limb neural dynamic tests and nerve palpation 20 are indicated in NTSI where neurogenic pain is suspected. These should be performed actively at first and under the patient's control, with subsequent passive assessment of the potential limiting interface tissues such as the cervical spine, scalenes and first rib.
Hypermobility
Generalized joint hypermobility can be a benign condition or part of a painful connective tissue disorder ranging from joint hypermobility syndrome (JHS) to Ehlers-Danlos syndome and Marfans. The presenting complaint in any of these conditions may be subluxation of the shoulder, 22 which may be part of a wider clinical picture of pain and deconditioning, or simply a mono-articular dysfunction within a hypermobile system.
Measures to assess JHS include the Beighton score 23 and Brighton (1998) criteria (a system which takes into account major and minor criteria. 24 Clinicians should be mindful that JHS can be associated with non-musculoskeletal symptoms, for which patients have often seen a range of specialists. There is association between JHS and bowel dysfunction, 25 gynaecological dysfunction, 26 chronic fatigue, vascular disorders, skin elasticity and autonomic nervous system dysfunction. 27 Additionally, a great challenge in this group is altered pain processing and reduced responsiveness to analgesia 28 Assessment for JHS should take into account the full clinical picture so that management planning can be comprehensive. 29 However, many of the domains affected by JHS will respond to nonpharmacological input to recondition the musculoskeletal system. For example, postural orthostatic tachycardia syndrome (PoTS) is often identified in patients with hypermobile shoulder dysfunction. PoTS is characterized by an increase in heart rate of 30 beats per minute or more when changing from supine to upright. It can be associated with dizziness and is a great barrier to rehabilitation and daily function. 30 An assessment is needed regarding whether the patient is employing strategies to improve PoTS: pharmacological treatment, high salt and fluid intake, wearing compressive stockings and a paced exercise programme. 31 Strategies such as the ability to stand on one leg, bear weight on all fours, and step up/down should be achievable before commencing shoulder rehabilitation. During the assessment, a test of the effect of wearing a compression support on either the trunk or the affected arm is required as many patients report a facilitative effect enhancing their ability to know where they are in space and therefore facilitating muscle activity (e.g. tubigrip). Feedback, such as visual cues, tactile cues, tape and demonstration, should be employed to maximize the precision of position and action. Once general conditioning and postural control is established, if the shoulder instability has not resolved, a progressive, paced strengthening programme for the trunk, scapula, neck and RC is balanced against appropriate sequencing.
Voluntary instability
The asymptomatic hypermobile individual can easily develop into a 'twitcher' who voluntarily subluxes and twitches the shoulder 'as a form of relief'. This could be interpreted as a desire to feel where they are in space because they have so little feedback from the capacious joint capsule. Fundamentally, all abnormal voluntary components should be eliminated. Distraction is a key tool, or an alternative action each time they feel the desire. Cognitive techniques are important but the learning and reinforcement of where the joint should be positioned within ball and socket, and not at the front, bottom or back of the socket is vital. Positions that enhance body awareness and improve accuracy should be adopted. Once again, general body position awareness and RC strengthening may be needed as a prelude to training correct movement of the shoulder.
Pain
The contemporary model of pain science explains how pain can extend beyond somatic provocation and local tissue changes. The relationship between nociception and pain is less correlated as pain persists as a result of sensitization at the spinal cord level and beyond into the cortex.
Somatotropic representations for the sensory and motor homunculus are not fixed but change in response to peripheral input including underuse, pain, injury and cognition. Phantom limb pain occurs where a painful limb representation remains in the homunculus despite the anatomical absence of the limb. Cortical reorganization has been observed in response to painful shoulder conditions. 32 Part of the reorganizing has been attributed to a rebalance of inhibitory and excitatory inputs, 33 which has been specifically observed in NTSI 10 and muscle patterning shoulder instability. 34 This plasticity is where therapy can be targeted. In painful NTSI, widespread pain can be experienced from neck to hand and the symptoms so easily provoked that any upper limb motion can be intolerable. In an attempt to find solutions for this patient group, we have extrapolated from research in painful upper quadrant models such as phantom limb pain, chronic regional pain syndrome and whiplash associated disorders.
All three models have identified somatosensory changes at a cortical level. These include sensory twopoint discrimination and spatial construct, an altered ability to discriminate left/right in the affected limb, motor control changes, 35 balance, cervical kinaesthesea and eye control. 36, 37 Crucially, the somatosensory assessment techniques can be used as the rehabilitation techniques. We found that cervical proprioception training and eye control (smooth pursuit, gaze stability and smooth pursuit neck torsion) had a positive impact on pain, function and two-point discrimination in more than 50% of our patients with severely painful NTSI. 38 A more sensitive tool for sensory discrimination should probably be utilized for future research and assessment: two-point orientation discrimination (2POD). 39 It is therefore clear that assessment of the chronically painful, unstable shoulder should extend beyond the nociceptive paradigm. Clues in the history that would suggest the need to explore these signs include widespread and disabling pain, dizziness and autonomic features such as 'the hand feels too big, puffy, swollen'.
Assesssment for painful shoulder with suspected central sensitisation
. Assess for allodynia, hyperalgesia, hyperpathia and cold sensitivity . Neuropathic pain screen: PainDETECT 40 . 2POD: use calipers along the spine of the scapula, humerus or forearm. Measure the distance at which the patient discriminates correctly whether orientation is horizontal or vertical. Compare side-to-side differences ( Figure 6 ) . Cervical kinaesthesia: test the ability to follow a path of cervical motion and return to the centre with eyes open and closed. Use a laser pointer mounted on a headband for feedback ( Figure 6) action and hula hooping. These general activities can act as a prelude to more focused shoulder-specific rehabilitation
Hypnosis
Hypnosis is a set of techniques designed to enhance concentration and heighten one's responsiveness to suggestions. Thoughts, feelings, behaviour or physiological state can be modified, including the experience of pain. Physiotherapy assessment should take into account whether thought patterns, pain, relaxation and behaviour needs to be modified, and also whether hypnotherapy could be a useful adjunct to the therapy. Studies using functional magnetic resonance imaging have shown that hypnosis to reduce pain perception is associated with reduced activity in the primary sensory cortex and increased activity in the left anterior cingulate cortex and basal ganglia, suggesting a possible inhibition pathway which blocks pain signals. 41 The measurable change in brain activity associated with hypno-analgesia will reassure clinicians that this can be an effective, safe adjunct to physiotherapy, is frequently less expensive than medication, and is feasible in all patients except those who strongly oppose it.
Emotional components of pain and dysfunction
The value of hypnotherapy does however extend beyond pain relief and into other psychological and physiological parameters that are commonly experienced in our nontraumatic instability population. These include anxiety (more prevalent in JHS), 42 an inability to relax generally or in specific muscles, fear of motion and beliefs/triggers associated with the condition, and loss of autonomy. Clinicians can screen for how dominant an emotional components is in the aetiology of the condition for an individual by looking at how highly they score on the following outcome measures: Fear-Avoidance Beliefs Questionnaire (FABQ), 43 the Pain Catastrophizing Scale, 44 Hospital, Anxiety and Depression score (HAD) 45 and the personal selfefficacy score (PSE). 46 Many of these emotional parameters can be significantly influenced by cognitive therapies, including explanation of pain biology, 47 meditative techniques, 48 pacing, and strategies to recognize and modify the physiological response to a trigger, thereby taking control of the condition.
Fundamentally, where pharmacological interventions may offer limited analgesic or psychological benefit (and their side effects often are poorly tolerated), cognitive therapies are efficacious and can be employed as an adjunct to physical and pharmacological therapy.
Specialized physiotherapists are well placed to screen patients for emotional components of dysfunction, set boundaries and either incorporate this approach to their management or work directly with psychologists and pain teams to plan rehabilitation.
Psychological disorders
Studies have alluded to underlying psychological conditions being relevant in this condition. 6 The concept of secondary gain is considered a likely scenario for some patients. The individual will probably not recognize or acknowledge a voluntary component to the instability and express that is it entirely outside their control. However, they have greater motivation psychologically for staying in their present state than for recovering. For example, ongoing illness means that they get sympathy from others, are exempted from some tasks, or have a 'legitimate reason' for not succeeding in competition, etc. Given that most individuals genuinely seek independence in function both in terms of employment and recreational activities but many have experienced failed attempts at rehabilitation and sometimes surgery, it can be very hard to identify the few individuals for whom recovery is not desirable. There is no outcome measure to identify secondary gain.
The presence of psychological illness such as depression, bipolar disorder, schizophrenia or personality disorder should probably not be interpreted as causation in this condition because there is likely to be distribution of these disorders across musculoskeletal conditions, as in the general population.
Boundary setting is a useful tool. At the initial assessment, clear rehabilitation parameters are established. The patient should be given achievable 'homework', be it cognitive or physical at the end of every session, with the expectation that this should be adhered to. The patient who repeatedly sabotages or fails to complete their homework should raise alarm bells. Our boundary is that within three sessions of treatment (assuming the assessment has prioritized the order of rehabilitation appropriately and identified the correct strategy), progress has been made and maintained. For example, reducing frequency of voluntary twitches, following appropriate pain modifying measures, improved trunk control, and performing a simple hand motion without associated activity in the wrong muscles. The key is that the patient is taking responsibility for self as a condition of ongoing treatment.
The persistently hypertonic muscle
Persistent hypertonicity in a muscle is often encountered in NTSI. The muscles mostly affected are the PM, LD 11 and the upper fibres of trapezius.
Their action will cause a relative increased translation between scapula and humerus, and associated GHJ subluxation with motion or even at rest. Transcranial Magnetic Stimulation (TMS) studies suggest that there may be a lack of inhibition associated with this disorder, which correlates with reduced function, but which reverses as the clinical and functional picture improves. 34 Reducing the excitation drive can be hard to achieve and the assessment process should first aim to train the patient to find their own control (i.e. a centrally achieved 'brain training' effect). A comfortable well-supported position of the arm (e.g. supine or crook lying) is required and then relaxation techniques should be employed. These include visualization, demonstration, contract-relax physiological techniques and medical hypnotherapy. The goal is to allow the ball to sit more or less centrally within the socket by reducing adverse tone that dissociates the two (Figure 7) .
Peripheral input to the muscle may be beneficial as an adjunct (e.g. TENS, acupuncture, trigger point therapy) but, ultimately, the central drive towards finding inhibition is the goal.
If the subluxation and pain improves as muscle tone reduces, the direction of treatment should be towards relearning motion patterns at the same time as maintaining the inhibition levels of the dysfunctional muscle. This can be likened to learning the piano, where control over each hand can be learned individually.
Correct motor pattern learning
The efficiency of this skill acquisition is associated with changes in the volume of neuronal activation in the brain as shown by functional imaging studies comparing novice to expert 49 and the patient should be encouraged to understand the value of task specific repetition of correct technique 50 and the '10,000' hours 51 rule for making the transfer to expert in shoulder motion in terms of focused 'brain training' rather than general strengthening.
Is there a role for botulinum toxin A (Botox) in the assessment and reduction of muscle tone?
There are mixed reports about the efficacy of Botox for this problem. The evidence in NTSI remains at case report level 52 with some studies advocating positive effects as a presurgical management tool 53 and others showing short-term benefit but little long term gain. Ultrasound can visualize the fasciculating muscle and allow direct injection into the muscle. 54 In the stroke literature for persistent subluxation, Botox is associated with reduced pain and disability but hemiplegic spasticity trials suggest it may not be better over the long term than saline injection. 55 The role as a diagnostic tool in reducing subluxation and pain may have greater value than its role as a therapeutic tool. Clinical experience in our shoulder unit has been that some patients find this very helpful but, for some, as the Botox wears off, the muscle continues to fire abnormally, sometimes even more strongly, despite continued rehabilitation. Perhaps the peripheral mechanism of inhibiting the muscle creates an even stronger drive at the cortical level. Summary 1. Exclude anatomical or neurological deficit 2. Ensure cessation of voluntary instability habits including twitches and ticks 3. Try to facilitate a normal pattern of motion including normal tonicity. If successful, teach the patient how to achieve this, train repetitively and then strengthen into function 4. If unsuccessful consider whether the instability is driven by:
Pain: central sensitization (pain mechanism) Neural tissue mechanosensitivity (Neural tissue provocation tests) RC weakness: apprehension and relocation tests and strength assessment A wider hypermobility syndrome (Beighton and Brighton scores, global symptoms and postural coordination/control) Sensory motor processing dysfunction: A: maintained by persistent cervical/shoulder/arm pain: eye control and dissociation from head motion, cervical kinaesthesia, two-point discrimination, laterality discrimination, body schema/spatial construct Figure 7 . A persistently hypertonic pectoralis major causing anterior subluxation (visible and palpable). Relaxation techniques focusing on pectoralis major control facilitates relocation. Proprioception and motor control represent not only peripheral capabilities of joint and muscle tissue, but also integration of cognitive, sensory and motor representation in the brain. 56 'Use it or lose it' is an accurate mantra for shoulder stability. There is scope for outcome measures for shoulder instability 57 to be compared with other outcome measures for pain and emotional dysfunction and inform our future practice regarding the efficacy of this framework.
Declaration of conflicting interests
None declared.
